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Based on the first-principles calculations and consistent experimental measurements, we propose
that the hexagonal phase of ternary transition metal pnictides TT’X (T=Zr, Hf; T’=Ru; X=P, As),
which are well-known noncentrosymmetric superconductors with relatively high transition tempera-
tures, host nontrivial bulk topology. We demonstrate that HfRuP belongs to a Weyl semimetal phase
with 12 pairs of type-II Weyl points, while ZrRuAs, ZrRuP and HfRuAs belong to a topological
crystalline insulating phase with trivial Fu-Kane Z2 indices but nontrivial mirror Chern numbers.
High-quality single crystal samples of the noncentrosymmetric superconductors with these two dif-
ferent topological states have been obtained and the superconductivities are verified experimentally.
The wide-range band structures have been identified by ARPES and reproduced by theoretical calcu-
lations. Combined with intrinsic superconductivity, the nontrivial topology of the normal state may
generate unconventional superconductivity in both bulk and surfaces. Our findings could largely
inspire the experimental searching for possible topological superconductivity in these compounds.
INTRODUCTION
Superconducting states [1–3] and topological states [4–
7], two intriguing quantum phenomena, have been exten-
sively studied in condensed matters. By combining these
two states, it is promising to expect even more exotic
quantum phenomena, such as topological superconduc-
tivity (TSC) and Majorana fermions [5, 8–11]. In the
past few years, two approaches have been proposed to
achieve the TSC. First, the p-wave superconductivity is
predicted to be an intrinsic topological superconducting
state, such as Sr2RuO4 [12–14]. Second, by proximity
effect, the TSC is expected on the interface of a topo-
logical insulator (TI) and an s-wave superconductor [8].
In other words, the interface gains the topological aspect
from the TI and the superconducting aspect from the
superconductor. A previous superconductor predicted
to host nontrivial topology is the high-temperature su-
perconductor FeTe1−xSex [15, 16]. The superconducting
surface states have been verified in recent angle-resolved
photoemission spectroscopy (ARPES) and scanning tun-
neling microscope experiments [17, 18]. Generally speak-
ing, two-dimensional (2D) TSC can be achieved when
the spin-helical surface Dirac-cone states open a super-
conducting gap.
Instead of the surface Dirac-cone states, one may en-
gineer three-dimensional (3D) TSC by combining super-
conductor and Weyl semimetal (WSM) without inversion
symmetry [19, 20]. For such 3D TSC, a necessary con-
dition is the nontrivial Fermi surfaces carrying nonzero
Chern numbers, which is an intrinsic property of a WSM.
However, to the best of our knowledge, almost all non-
centrosymmetric WSMs need external pressure or dop-
ing to induce or enhance superconductivity [21–25]. Due
to the lack of suitable candidates, 3D TSC is studied
very little experimentally. In addition, considering more
symmetries, topological crystalline/mirror superconduc-
tors are also proposed in the system with nontrivial mir-
ror Chern numbers, where mirror-protected Majorana
fermions emerge [26–28]. Therefore, the crucial chal-
lenge to achieve these fantastic topological superconduct-
ing states experimentally is to come up with a realistic
material, which hosts both superconductivity and Weyl
fermions or nontrivial mirror Chern numbers.
Ternary transition metal pnictides TT’X (T=Zr, Hf;
T’=Ru; X=P, As) are a series of well-known supercon-
ductors [29, 30]. As we know, there are three different
types of crystal structures for these compounds [30, 31],
i.e., the Fe2P-type hexagonal structure (h-phase), the
TiNiSi-type orthorhombic structure (o-phase), and the
TiFeSi-type orthorhombic structure (o′-phase). Super-
conductivity is found in both h- and o-phases, and the
superconducting transition temperature TC is generally
higher for h-phase than for o-phase. In this work, we only
focus on the h-phase of TT’X, exhibiting relatively high
TC (such as 12.7 K for HfRuP [29], 13.3 K for ZrRuP and
12 K for ZrRuAs [30]). Based on the first-principles cal-
culations, the nontrivial topological properties of these
materials are revealed. When spin-orbit coupling (SOC)
is ignored, they possess two nodal rings slightly above
the Fermi energy (EF ) in the kz = 0 plane, with each
surrounding a K point in the hexagonal Brillouin zone
(BZ). After the consideration of SOC, they enter either
a WSM phase (e.g. HfRuP) with 12 pairs of type-II Weyl
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FIG. 1: (Color online) The crystal structure, BZs, XRD spec-
tra and transport properties of TT’X. (a) The top view of the
crystal, with brown, gray and green balls representing T, T’
and X atoms, respectively. (b) The perspective view of the
crystal. (c) The bulk BZ, (001)-surface BZ and (100)-surface
BZ. Hereafter, (001) [(100) or (010)] refers to the surface nor-
mal vector in terms of the Cartesian coordinates. (d) and
(e) Indexed powder XRD spectra of ZrRuAs and HfRuP, re-
spectively. Red stars are small amount of impurities. The
left insets of (d) and (e) are photographs of ZrRuAs and
HfRuP single crystals, respectively. The right insets of them
are temperature dependent longitudinal resistivity of ZrRuAs
and HfRuP at various magnetic fields. The magnetic fields are
perpendicular to c axis and electronic current direction.
points (WPs) due to the lack of inversion symmetry, or
a topological crystalline insulating (TCI) phase (e.g. Zr-
RuAs) with trivial Fu-Kane Z2 indices [32] but nontrival
mirror Chern numbers. The nontrivial electronic topol-
ogy in these superconductors could intrigue tremendous
experimental study of the interplay between topological
electronic states and superconductivity.
CRYSTAL STRUCTURE AND METHODOLOGY
The h-phase of TT’X is of space group P 6¯2m (#189)
with a layered structure. Each layer in the hexagonal
lattice is occupied by either T and X atoms or T’ and
X atoms. All atoms have positions in the layers paral-
lel to the crystallographic ab-plane and separated by a
half of the lattice constant c. The triangular clusters of
three T’ atoms (T’3) are formed in the ab-plane. In the
crystal structure of the TT’X shown in Figs. 1(a) and
(b), the T’3 clusters and the planer structure are clearly
shown. The high-symmetry k-points and surface pro-
jections are shown in Fig. 1(c). The structure has two
kinds of mirror symmetries, mz and mx , which are vi-
tal to define the mirror Chern numbers as will be shown
below. Meantime, we have successfully grown the single
crystals of ZrRuAs and HfRuP. The hexagonal structure
and superconductivity are confirmed by the x-ray diffrac-
tion (XRD) and resistivity measurements, respectively.
More details and data (i.e., magnetic susceptibility) can
be found in the Supplemental Material (SM).
The first-principles calculations were performed based
on the density functional theory (DFT) with the projec-
tor augmented wave (PAW) method [33, 34] as imple-
mented in VASP package [35, 36]. The generalized gra-
dient approximation (GGA) of Perdew-Burke-Ernzerhof
(PBE) type was adopted for the exchange-correlation
functional [37]. The kinetic energy cutoff of the plane
wave basis was set to 400 eV. A 10 ×10 × 16 k-point
mesh for BZ sampling was adopted. The experimental
lattice parameters were employed [38, 39]. The internal
atomic positions were fully relaxed until the forces on all
atoms were smaller than 0.01 eV/A˚ [the relaxed atomic
positions are shown in Section A of the SM (SM A)]. The
electronic structures were carried out both with and with-
out SOC. The topological invariants and chiral charge
were computed through the Wilson-loop technique. The
maximally localized Wannier function (MLWF) method
was used to calculate the surface states [40]. Among
these compounds, we mainly investigate HfRuP and Zr-
RuAs for details in the following, as typical examples
of the type-II WSM phase and TCI phase, respectively.
More results on other compounds are presented in the
SM.
RESULTS AND DISCUSSIONS
Electronic band structures
We first checked the electronic band structure without
SOC. From the band dispersion of HfRuP in Fig. 2(a),
one can notice there is a direct energy gap shadowed in
light blue near EF , except the band crossings along both
M −K and K − Γ lines. These two lines are actually in
the kz = 0 plane, where the mz symmetry is present. The
mz eigenvalues of the two crossing bands are computed
to be ±1, respectively. Thus, the two crossing points
are parts of the mz-protected nodal rings, each of which
surrounds a K point in the kz = 0 plane, as depicted in
Fig. 2(c). But this situation is different from that in CaA-
gAs [41], where there is only one nodal ring surrounding
the Γ point. The two nodal rings circled around two K
points respectively are also found for other compounds
(see electronic band structures of ZrRuAs, HfRuAs and
ZrRuP in SM A). We conclude that the band inversion
happens at the K point, which is supported by the theory
of topological quantum chemistry [42, 43]. By exchang-
ing the highest valence band (Γ4) and the lowest conduc-
tion band (Γ1) at the K point (with little group D3h)
only, the occupied bands become trivial, being a linear
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FIG. 2: (Color online) The electronic band structures of HfRuP without (a) and with (b) SOC. The irreducible representations
of selected bands at K point are indicated. (c) The nodal lines are presented in the kz = 0 plane without SOC. With SOC,
the WPs above the kz = 0 plane are labeled as “+”(+1) and “o”(-1) in the first BZ. Here, a*, b*, and c* are the reciprocal
primitive vectors. (d) The kz dispersion of the electronic bands through the WP W1 shown in (c). (e) The dispersion of
the WP W1 along the line P-Q shown in (c). The fractional coordinates of W1, P and Q are (0.2761,−0.4654, 0.02439),
(0.2603,−0.4603, 0.02439), and (0.2919,−0.4705, 0.02439). Hereafter, the positions of k-points are given in units of (a*, b*,
c*). ARPES spectrum (f) and curvature intensity (g) plots of ZrRuAs, showing band structure along H-K-H. For comparison,
the calculated band structure along H-K-H is superposed on the experimental data in (g). (h− i) are the same as (f − g), but
along L-M-L.
combination of elemental band representations [42].
FIG. 3: (Color online) The WCCs of TRI planes. (a) and (b)
The WCCs of the kz-directed and ky-directed Wilson loops
as a function of kx for the ky = 0 and kz = 0 planes, re-
spectively. (c) and (d) The WCCs of the kz-directed Wilson
loops as a function of ky in the kx = 0 plane of HfRuP and
ZrRuAs, respectively. Red and blue circles represent the flow
of the WCCs for the bands with mirror +i and −i eigenvalues,
respectively. The horizontal dashed lines are reference lines.
After including SOC, the band structure doesn’t
change too much, but the bands do split due to the lack
of inversion symmetry. To confirm the reliability of the
DFT band structures, we have performed ARPES mea-
surement for ZrRuAs, shown in Figs. 2(f)-(i). The ob-
served spectra along H-K-H and L-M-L lines match very
well with the DFT calculations (red lines in Figs. 2(g) and
2(i)), especially for the low-energy bands. We clearly see
that the energy bands at K point are much lower than
that at M point. In addition, the degeneracy of the two
nodal rings is lifted by SOC. The 2D time-reversal invari-
ant (TRI) planes (e.g. ky = 0 and kz = 0 etc.) become
fully gapped, making the Z2 invariants well-defined. In
CaAgAs, the single nodal line enclosing Γ point guaran-
tees that the ky = 0 (or kz = 0) plane is Z2 nontrivial
with an infinitesimal SOC gap. But, it’s not the case
with two nodal rings around two K points. The Z2 in-
variants for both ky = 0 and kz = 0 planes remain trivial
in the series of these compounds. Note that the ky = 0
plane is gapped even without SOC, and no gapless point
is found in all TRI planes. To confirm triviality of Z2 in-
variants, we have calculated the Wannier charge centers
(WCCs) of the kz-directed (ky-directed) Wilson loops as
a function of kx (called Wilson-loop bands) for the ky = 0
(kz = 0) plane. The results of ZrRuAs are shown in
4FIG. 4: (Color online) The surface spectra of HfRuP. The (001)-surface (a), (100)-surface (b) and (010)-surface (c) energy
contours with E − EW = 0 meV. The projections of the WPs are indicated by diamonds or “x” symbols.
Figs. 3(a) and 3(b), suggesting a trivial Z2 invariant in
the ky = 0 plane and kz = 0 plane. Accordingly, the Fu-
Kane Z2 indices [32] for the 3D bulk are computed to be
(0;000) for all the TCI compounds. The detailed calcula-
tions for the Z2 invariants in all six TRI planes (only four
of them are distinct due to the symmetry) are presented
in Section B of the SM. Furthermore, the symmetry in-
dicators [44–46] for these compounds are computed to be
Z3m,0 = 1 and Z3m,pi = 0, revealing the topological na-
ture of the SOC gap (shadowed in light blue) in Fig. 2(b).
Mirror Chern numbers and WPs
Due to the presence of mirror symmetry, the mirror
Chern number is well defined as long as the mirror plane
is fully gapped. Because time-reversal symmetry com-
mutes with the mirror symmetries, the Chern numbers
satisfy Ci = −C−i, with the subscript ±i representing
the mirror eigenvalues in the presence of SOC. With time
reversal symmetry, the mirror Chern number is defined
as Cm = (C+i − C−i)/2. As we know, it can be fur-
ther reduced to χ+i − χ−i in half of the mirror plane,
where χ+i(−i) is easily obtained in the plot of Wilson-loop
bands, by counting the number of the positively-sloped
bands crossing a horizontal reference line [the dashed line
in Figs. 3 (c) or (d)] and subtracting from it the number
of the negatively-sloped crossing ones in the mirror eigen-
value +i (−i) subspace. The results of ZrRuAs for the
kz = 0 plane are shown in Fig. 3(b). The mirror Chern
number Cmz in ZrRuAs is computed to be −2 for the kz
= 0 plane, while it’s zero for the kz = pi plane. That’s
the case for all the compounds [see more in Section C of
the SM (SM C)].
The lack of inversion symmetry allows the appearance
of WPs in the systems. The nonzero mirror Chern num-
ber Cmz = −2 suggests there are some strings of gauge
singularities (i.e., the Dirac string) going through the
kz = 0 plane [47], which have to either terminate at WPs
in the 3D BZ, or thread some other nontrivial planes.
Our systematic calculations show that these compounds
can be classified into two classes: i) one has zero Chern
number Cmx = 0 with 12 pairs of type-II WPs, termed a
WSM phase; ii) the other one has nonzero mirror Chern
number Cmx = 2 with no WPs, termed a TCI phase. In
the WCCs of HfRuP for the kx = 0 plane in Fig. 3(c),
Cmx is obtained to be 0. WPs are found in this com-
pound, which is consistent with the topological WSM
phase. However, for ZrRuAs, HfRuAs and ZrRuP, Cmx
turns out to be 2, as shown in Fig. 3(d) and in SM C.
Accordingly, no WP is found in these three materials.
The detailed calculations of mirror Chern numbers are
presented in SM C.
By checking the energy gap and the associated topo-
logical monopole charge, we find that 6 pairs of WPs
emerge from each nodal ring. As thus, there are 12 pairs
of WPs in total (as shown in the first BZ in Fig. 2(c)).
They reside at the same energy, because they are all re-
lated by either time-reversal symmetry or the crystalline
symmetry D3h (including 12 symmetry operators). The
coordinate of the WP W1 enclosed by a dashed circle
in Fig. 2(c) is [0.2761a*, −0.4654b*, 0.02439c*]. From
the band dispersion of the WP W1 along the kz-direction
[Fig. 2(d)] and the P-Q direction [Fig. 2(e)], we conclude
that it belongs to a type-II WP, and its energy level (EW )
is about 28 meV above EF (i.e., EW -EF = 28 meV),
very close to the Fermi energy. The topological monopole
charge is computed with the Wilson-loop method applied
on an enclosed manifold surrounding a single WP. The
monopole charge of the WP W1 is +1. The distribution
of all the WPs above the kz = 0 plane is illustrated in
Fig. 2(c), with the “+(o)” symbol representing the topo-
logical monopole charge of +1(−1), while these below
the kz = 0 plane possess the opposite monopole charge
shown in Fig. 2(c) because of the mz symmetry.
5Fermi arcs on surfaces
Surface Fermi arcs connecting the projections of two
WPs with opposite chirality are expected in a WSM. For
this purpose, the surface spectrum is computed based on
the surface Green’s function method [48] in the MLWF
Hamiltonian of a half-infinite structure. First, the (001)-
surface energy contour of HfRuP is obtained in Fig. 4(a)
with E − EW = 0 meV. Since the two WPs with oppo-
site chirality project onto the same point on the (001)-
surface, no topological arc states are guaranteed to come
out from the projected points. However, we find that
there are two trivial arc states (following the two dashed
guiding lines) coming out of each WP projection: one is
crossing the kx = 0 line; the other one is crossing the BZ
boundary, i.e., the K¯ − M¯ line. Second, the computed
(100)-surface energy contour is presented in Fig. 4(b).
Since they are type-II WPs, the WPs should be located
at the touching points between the electron pocket and
the hole pocket. We do see that the projected points
A and B are the touching points of two pockets. The
constant energy contour with energy slightly below (or
above) EW is presented in Section D of the SM. We find
that two surface Fermi arc states (indicated by dashed
lines) are connected to the projected points (i.e., A and
B). For the projected point C, it’s hard to see any surface
state from it, because it is not projected onto a proper
surface. At last, the computed (010)-surface energy con-
tour is obtained and shown in Fig. 4(c), where the WPs
with the same chirality project onto each other. As long
as the projected electron/hole pockets (enclosing the pro-
jections of the WPs) are separated from each other, two
topological Fermi arc states can be expected. Unfortu-
nately, the metallic bulk states are projected into a big
continuum, which makes the Fermi arc states invisible.
Our ARPES experiment to seach for the arc states on
the (100)-surface is still in process.
Exotic topological superconductivity
With intrinsic superconductivity, topological materi-
als are a promising platform to realize TSCs owing to
the nontrivial topology of the wave function in normal
states. For example, surface Dirac fermions can realize a
2D TSC even for an s-wave paring state [8, 15]. Also, the
Fermi surface (FS) topology in the normal state directly
affects the topological superconductivity. In 3D, the in-
teger topological quantum number in a time-reversal in-
variant superconductor is determined by the sign of the
pairing order parameter and the first Chern number of
the Berry phase gauge field on the FSs [5]. A WSM phase
of a superconductor host the nontrivial FSs originating
from Weyl points. Providing the two key ingrediants: the
nontrivial FSs and superconductivity, the WSM phase of
HfRuP can be served as a good platform to realize the
TRI TSC in 3D. Besides, the previous works [27, 28] pro-
pose that the nontrivial mirror Chern number can gener-
ate multiple Majorana fermions in Cd3As2 and SrRuO4.
The TCI phase of these compounds are also very promis-
ing candidates to search for the topological crystalline
superconductors.
CONCLUSION
Based on the DFT calculations, we demonstrate that
there are two nodal rings in the band structure without
SOC for the h-phase of TT’X, which is different from the
situation in CaAgAs. After including SOC, they enter
either a TCI phase with non-zero mirror Chern numbers,
or a WSM phase with 12 pairs of type-II WPs. The sin-
gle crystals for the two distinct topological phases are
grown successfully. Their superconductivities and elec-
tronic band structures are verified by our resistivity, mag-
netic susceptibility and ARPES measurements, respec-
tively. The series of Ru-based compounds are the de-
sired single-crystal materials, which host both supercon-
ductivity and topological states. The experimental study
of the interplay between superconductivity and Weyl or
nontrivial mirror Chern states would be stimulated after
this work.
Note added. At the stage of finalising the present pa-
per, we are aware of the mention of Weyl nodes in similar
materials in the Ref.[49]. Our result of WPs in HfRuP is
consistent with it, while the result for ZrRuP is different.
That is because the topology (the annihilation of Weyl
points) in ZrRuP may be sensitive to the parameters of
the structure.
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8SUPPLEMENTARY MATERIAL
A. Relaxed results and Electronic band structures of the Ru-based compounds
For each compound, we identify the number in Inorganic Crystal Structure Database (ICSD) and use the experi-
mental lattice parameters. The relaxed atomic positions are obtained in Table S1.
TABLE S1: The ICSD number, lattice constants (a and c), experimental data and relaxed data of the h-phase (P6¯2m) of the
TT’X compounds are given. Three X atoms occupy both the 1b Wyckoff (0, 0, 1/2) and the 2c Wyckoff (1/3, 2/3, 0) positions
in a unit cell. Here, a fractional position (α, β, γ) is given in units of (a, a, c).
Compound ICSD Number a (A˚) c (A˚) Experimental data Relaxed data
HfRuP #53035[38] 6.414 3.753 Hf (0.585, 0, 0.5); Ru (0.243, 0, 0) Hf ( 0.584, 0, 0.5); Ru (0.245, 0, 0)
ZrRuP #648037[38] 6.459 3.778 Zr (0.603, 0, 0.5); Ru (0.263, 0, 0) Zr ( 0.584, 0, 0.5); Ru (0.243, 0, 0)
HfRuAs #604605[38] 6.568 3.842 Hf (0.584, 0, 0.5); Ru (0.245, 0, 0) Hf ( 0.582, 0, 0.5); Ru (0.245, 0, 0)
ZrRuAs #611301[39] 6.586 3.891 Zr (0.580, 0, 0.5); Ru (0.250, 0, 0) Zr ( 0.582, 0, 0.5); Ru (0.243, 0, 0)
The band structures of Ru-based compounds without and with SOC are presented in upper and lower panels of
Fig. S1, respectively. As we described in the main text, when SOC is ignored, there is a clear Fermi level except for
the band crossings along M −K and K − Γ lines. Actually, these crossing points form a nodal ring circled around
the K point in kz=0 plane for all of the above Ru-based compounds, which are protected by mz symmetry. After
the consideration of SOC, only HfRuP exhibits isolated WPs off mirror planes, while the band crossings in the other
compounds are fully gapped.
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FIG. S1: (Color online) The band structures of the Ru-based compounds (a− d) without SOC and (e− h) with SOC.
B. The results of the Z2 indices in the TRI planes
Since HfRuAs, ZrRuP, and ZrRuAs are fully gapped, the Fu-Kane Z2 indices are well defined, which are determined
by the Z2 invariants in the four distinct TRI planes. Even though HfRuP is a WSM phase, the four TRI planes are
fully gapped. The results of ZrRuP are shown in Fig. S2, which are the cases for all the four compounds. Following
the definition of the Fu-Kane Z2 indices for a 3D system, they turn out to be (0;000).
9FIG. S2: (Color online) The flow of WCCs for all occupied energy bands in four TRI planes of ZrRuAs.
C. The results of mirror Chern numbers for kx = 0 and kz = 0 planes
In this section, we show the mirror Chern numbers for kx = 0 and kz = 0 planes in Fig. S3. The mz Chern number
Cmz is computed to be -2 in the kz = 0 plane for all the compounds, while mx Chern number Cmx is 0 for HfRuP and
+2 for other Ru-based compounds in the kx = 0 plane. The uncompensated mirror Chern numbers of mz and mx
planes in HfRuP suggest the existence of WPs in the system. However, there may be no WPs in other systems since
their mirror Chern numbers are compensated. In fact, we don’t find the WP in other systems, which is consistent
with the mirror Chern numbers.
FIG. S3: (Color online) The mirror Chern numbers of Ru-based compounds for (a− d) kx = 0 and (e− h) kz = 0 planes
when SOC is considered. Red circles represent the flow of the WCCs for bands with mirror +i eigenvalue and blue circles for
bands with mirror −i eigenvalue. The black dashed line in (e− h) is an arbitrarily selected reference line for the purpose of
counting the number of crossing times between the reference line and the Wilson-loop bands with positive and negative slopes.
The zoom-in inset of (e) shows the connective pattern clearly.
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FIG. S4: (Color online) The different energy contours with the projections of WPs. EW is the energy level of the WPs as given
in the main text.
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D. Different energy contours on 100-surface
These WPs are of type-II. To illustrate it, we plot the energy contours with different energies on the (100)-surface,
slightly below and above the energy level of the WPs, as shown in Fig. S4. From the lower energy (E=EW -10 meV)
to the higher energy (E=EW+10 meV), we clearly see that the projections of the WPs (e.g. A or B) change from
one pocket to another pocket. For the projection C, it’s hard to find similar evolution, because it’s not projected in
a proper direction.
E. Crystal growth and transport measurements
a. Single crystal growth
Single crystals of hexagonal ZrRuAs and HfRuP were grown from Cu-As and Cu-P fluxes, respectively. High-purity
Zr(Hf), Ru, As(P), and Cu elements were sealed in tantalum capsules and then in quartz tubes. The quartz tubes
were firstly heated to 1273 K for 20 hours to presinter the Cu-As or Cu-P alloys. With that the tubes were heated
to 1433 K, dwelt for 10 hours and then slowly cooled down to 1373 K, where the quartz tubes were immediately
quenched into ice water to stabilize the hexagonal crystalline structure of these ZrRuAs and HfRuP samples. After
that, the bar-shaped single crystals were yielded after dissolving the Cu-As or Cu-P fluxes in nitric acid.
b. Structural and physical properties measurement
Single crystal x-ray diffraction (XRD) measurement were performed on the as-grown ZrRuAs and HfRuP single
crystals by using Brucke D8 Venture diffractometer equipped with Mo Kα radiation (λ = 0.71073 A˚). The collected
data was refined by full-matrix least-squares fitting on F 2 using the SHELXL-2014/7 program. Chemical components
of ZrRuAs and HfRuP single crystals were determined by energy-dispersive x-ray (EDX) spectroscopy in a Hitachi
S-4800 at an accelerating voltage of 15 kV.
Magnetic susceptibility was measured in Magnetic Properties Measurement System (MPMS, Quantum Design
Inc.) from 2 K to 10 K with field-cooling and zero-field-cooling configurations at low external magnetic field, which
were applied perpendicular and parallel to c axis. Longitudinal resistivities were measured in Physical Properties
Measurement System (PPMS, Quantum Design Inc.) at various magnetic fields.
c. Results and discussion
Single crystal XRD refinements indicate that both of ZrRuAs and HfRuP crystalize in hexagonal structure with
space group P 6¯2m, which is corresponding to high temperature phase from previous reports [38, 39, 50]. The
refinement parameters and atomic coordinate information are summarized in Table S2, S3 and S4. Fig. S5 shows
the indexed XRD spectrums of powders grinded from ZrRuAs and HfRuP single crystals. Chemical components
analyzed by EDX are Zr : Ru : As = 34.24 : 34.13 : 31.62 and Hf : Ru : P = 31.45 : 33.07 : 35.48, respectively.
As shown in Fig. S6 and Fig. S7, magnetic properties and resistivity measurements shows an obvious superconduct-
ing phase transition at TC ∼ 6.5 K for both ZrRuAs and HfRuP. One should be noted that the TC of our samples are
about half of the previous report of TC onset ∼ 12 K by G. P. Meisner [38, 39], even though the crystalline structures
of the samples are the same. G. P. Meisner’s polycrystalline samples were annealed at 1473 K which was 100 K higher
than our quench temperature [39], which might be responsible to the distinction of TC between these samples.
F. ARPES measurements
ARPES measurements were performed at the ‘Dreamline’ beamline of the Shanghai Synchrotron Radiation Facility
with a Scienta Omicron DA30L analyser. The samples for ARPES measurements were cleaved in situ and measured
at ∼30 K in a vacuum better than 5× 10−11 torr.
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TABLE S2: Crystallographic and structure refinement data for ZrRuAs and HfRuP.
Empirical formula ZrRuAs HfRuP
Formula weight (g mol−1) 267.21 310.53
Temperature (K) 273 273
Wavelength Mo Kα (0.71073 A˚) Mo Kα (0.71073A˚)
Crystal system Hexagonal Hexagonal
Space group P 6¯2m P 6¯2m
Unit cell dimensions (A˚) a = b = 6.5924(3); c = 3.8670(2) a = b = 6.4044(2); c= 3.7324(2)
Cell volume (A˚3) 145.543(15) 132.579(11)
Z 3 3
Density, calculated (g mol−1) 9.146 11.668
F (000) 351 393
h k l range −8 ≤ h ≤ 8,−8 ≤ k ≤ 8,−5 ≤ l ≤ 5 −9 ≤ h ≤ 8,−9 ≤ k ≤ 9,−5 ≤ l ≤ 5
θmin(
◦), θmax(◦) 3.569, 28.222 3.674, 33.191
Linear absorption coeff. (mm−1) 29.538 67.545
Absorption correction multi-scan multi-scan
No. of reflections 3675 4288
No. independent reflections 160 218
No. observed reflections [I ≥ 2σ(I)] [I ≥ 2σ(I)]
R indices 2.02% (R1[Fo > 4σ(Fo)]),4.09% (wR2) 2.80% (R1[Fo > 4σ(Fo)]), 5.89% (wR2)
Weighting scheme w = 1/[s2(F 2o ) + (0.0194P )
2 + 0.6466P ] w = 1/[s2(F 2o ) + (0.0416P )
2]
where P = (F 2o + 2F
2
c )/3 where P = (F
2
o + 2F
2
c )/3
Refinement software SHELXL-2014/7 SHELXL-2014/7
TABLE S3: Atomic coordinates and equivalent isotropic thermal parameters of ZrRuAs.
Atoms WPa Occup. x y z Uep
Zr 3f 1 0.58333 0 0 0.0058(4)
Ru 3g 1 0.24478 0 0.5 0.0083(4)
As1 2d 1 0.33333 0.66667 0.5 0.0038(4)
As2 1a 1 0 0 0 0.0133(5)
a Wychoff positions
TABLE S4: Atomic coordinates and equivalent isotropic thermal parameters of HfRuP.
Atoms WPa Occup. x y z Uep
Hf 3f 1 0.58531 0 0 0.0108(3)
Ru 3g 1 0.24710 0 0.5 0.0115(4)
P1 1a 1 0 0 0 0.0147(17)
P2 2d 1 0.33333 0.66667 0.5 0.0080(10)
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FIG. S5: (Color online) Indexed powder XRD spectrum of ZrRuAs and HfRuP, respectively. Red stars are small amount of
impurities. The inserts are photographs of ZrRuAs and HfRuP single crystals.
FIG. S6: (Color online) Temperature dependences of magnetic susceptibility of ZrRuAs and HfRuP, respectively. The magnetic
field was applied perpendicular and parallel to c axis.
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FIG. S7: (Color online) Temperature dependent longitudinal resistivity of ZrRuAs and HfRuP at various magnetic fields. The
magnetic fields are perpendicular to c axis and electronic current direction.
